Introduction
Several studies have shown the benefits of plant growth-promoting rhizobacteria (PGPR) on plant mineral nutrition suggesting their application as biofertilisers (Pii et al., 2015) . PGPR can stimulate plant growth, increase plant resistance to abiotic and biotic stresses and might thus have a positive effect also on fruit quality. The aim of this work was therefore to evaluate and compare the effects of beneficial microorganisms, supplied either as pure culture (Azospirillum brasilense) or as a commercial mixture (Effective Microorganisms, EM), on the growth and quality of strawberry (Fragaria ananassa cv. Elsanta) fruits. Strawberries are in fact among the most popular fruits, because of their unique taste and health benefits for humans, due to a high content of micronutrients, phytochemicals and antioxidants.
Material and methods
Strawberry plants were hydroponically grown either in a complete nutrient solution, or in a nutrient solution inoculated with A. brasilense or with EM for 10 weeks, as previously described (Pii et al., 2016) . Strawberry fruits were harvested once at least 80% of the fruit surface showed a red coloration. Fresh weight (FW), yield per plant (g FW per plant), average fruit yield (g FW), average number of strawberry fruits per plant were assessed. At harvest, shoots and roots were separated assessing fresh weight (FW) and dry weight (DW) of the tissues together with the root to shoot ratios. Titratable acidity, total soluble solid content and firmness of fresh strawberry fruits were determined as previously described (Valentinuzzi et al., 2015) . In addition, freeze-dried strawberry samples were homogenised and 100 mg of strawberry powder were extracted with 1 ml methanol (HPLC grade, Merck, Darmstadt, Germany). The mixture underwent sonication for 30 min at 4°C and the extracts were centrifuged at 14,000 × g for 30 min at 0°C; afterwards, the supernatant was collected and filtered through a 0.2 μm nylon filter. The content of total phenols of strawberry fruit extracts was determined following the Folin-Ciocalteau method, whilst the concentration of flavonoids and flavonols was determined by a pharmacopeia method, using rutin hydrate as reference compound (Valentinuzzi et al., 2015) .
Results and discussion
The growth parameters were not affected by the PGPR treatment, with the exception of the sample treated with A. brasilense that showed lower values in the shoot growth. In terms of yield, the control plants had significantly higher yields than the PGPR-treated plants; however, these latter
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•
Plant growth-promoting rhizobacteria (PGPR)-treated plants delivered larger strawberry fruits.
• PGPR can enhance the content of nutraceutical compounds in strawberry fruits delivered in average larger fruit. The color measurement showed significant differences between the samples, in fact strawberries treated with A. brasilense displayed higher values as compared with those supplied with EM and control plants. The total sugar content was not affected by PGPR treatments, whilst the titratable acidity resulted higher in control samples. These features had an impact on the sweetness index, defined as the ratio between the sugar content and the acidity, which resulted increased in the PGPR-treated strawberries.
The content of total phenols showed no significant difference between the different samples, whilst flavonoids and flavonols resulted more concentrated in the samples supplied with A. brasilense. In addition, also the mineral composition of the strawberry fruits was influenced by the PGPR treatment. For instance, copper and zinc were accumulated in A. brasilense-treated strawberry fruits.
Based on these observations and results, it was shown that PGPR can play a role in improving fruit quality without negatively affecting the growth of plants; although the yield per plant was lower in the PGPR variant, the weight of harvested fruits was higher.
The PGPR also increase other important quality parameters such as micronutrient levels as well as health-promoting substances such as flavonoids and flavonols. The latter are not only important antioxidants for the plants but also for humans.
